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(54) Proximity exposure device with distance adjustment device 



(57) A proximity exposure device with a distance 
adjustment device In which sufficient determination sen- 
srtrvfty can be obtained even in areas with a lew reflect- 
ance factor, such as on a glass surface, is achiwed by 
a distance measurement part having a fight source lor 
measurement purposes, a pinhole plate, an objective 
lens, a light detection device and the l&e, light emerging 
term the fight source for measurement purposes being 
emitted via the pinhole plate and objective lens onto the 
mask sufaceAMortyiece surface, and ight reflected 
thereby is detected via the objective lens and pinhole 
plate by the light detection device. If the mask sur- 
faceAvorMece surface is located at the focal point of 
the objective lens on the object side, reflected tight with 
highirrtenstyisinckJemlnto 
measure the distance between the mask and work- 
piece, the distance measurement part is moved in the 
Z-dtrecHon and two peaks of intensity of the reflected 
light of mask M and workplace W are determined. 
Based on the position of the distance measurement part 
at this time, the distance between the mask and work- 
piece is determined. After measuring the distance 
between the mask and workplace, the distance 
between the mask and workplace is set to the desired 
value and exposure is performed. 
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Description 

The invention relates to a proximity exposure 
device with a distance adjustment device tor setting the 
distance between a mask and a workpiece. 

In proximity exposure, a mask and a workpiece are 
fixed adjacent to one another, essentially parallel light is 
emitted from the mask side onto the workplace, 
between the mask and the workplace a microscopically 
small intermedJate space being formed, and thus, the 
mask pattern is transferred onto the woritfece. 

The reason that a microscopicafly small intermedin 
ate space is formed between the woriqjiece and mask is 
to avoid various types of damage, such as scratches on 
the mask or the workpiece by contact of the mask with 
the workplace, mask impurities due to adhesion of a 
photo-resist film and the like formed on the workplace 
on the mask, and similar damage. 

To adjust the microscopically small Intermediate 
space between the mask and workplace, a process is 
convanttonafly used in which a strip, a sphere, and the 
like of metal or resin is inserted between the mask and 
workplace as a spacer. In this process, the desired dis- 
tance can be easily adjusted if the thickness of the 
spacer is selected (measured) beforehand. 

This process prevents the mask and workpiece 
from coming into contact with one another over their 
entire surface. Therefore, the above described damage 
to which the mask and workpiece are subject can be 
reduced. Since, however as before, the mask and work- 
piece are partially in contact with one another via the 
spacer, the above described damage cannot be com- 
pletely prevented. 

To eliminate the above described detect tor exam- 
ple. Japanese patent tfsdosure document HEI 3*38024 
and Japanese patent disclosure document HE 1 3-38025 
suggested measures. In the technology described in 
these two publications, there is a means tor distance 
measurement and the described distance is set without 
contact of the mask with the workpiece. In this case, at 
three points within the mask surtace/workpiece surface 
the distance is measured, the tilt of the workpiece car- 
rier is adjusted such that the distances at the three 
points become the desired distances, and thus, the 
desired distance is reached without contact 

In the process described in the two aforementioned 
publications for distance measurement, in an optical 
system tor measurement purposes, there is a mask on 
which a strip-like pattern is formed which is projected on 
the workpiece and mask, projected images being 
observed. Based on the difference between the position 
at which the projection image is focused on the mask, 
and the position at which the projection image is 
focused on the workpiece, the size of the distance is 
measured. 

Furthermore, distance measurement processes for 
the same purpose are known from Japanese patent dis- 
closure document SHO-63- 138730. Japanese patent 
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disclosure document HEI 5-226215. Japanese patent 
disclosure document HEI 6-5486, and Japanese patent 
disclosure document HEI 6-283400 and the like. 

In the technology descnoed in Japanese patent dis- 

5 closure document SHO 63*138730, using an axicon, a 
halo (light ring) is formed which is emitted onto a mask 
and a workpiece, reflected light being picked up by a 
photo detector of the double ring type. Due to the differ- 
ent lengths of the optical path, as a result of the distance 

10 between the mask and the workpiece, the size of the 
halo reflected by the mask differs from the size of the 
halo reflected by the wortyiece. This difference is deter- 
mined by the photo detector of the double ring type, by 
which the value of the distance is measured. 

75 tn the technology descnoed in Japanese patent dis- 
closure document HEI 5-226215, there are beam-opti- 
cal components, such as a diffraction grating, a zone 
plate, a grating lens and the like at locations on the 
mask where a measurement is desired. A fight flux is 

20 obliquely incident through the aforementioned compo- 
nents in the workpiece and is reflected. The location of 
the spot of reflected light which has passed again 
through the beam-optical components and which has 
an angle of reflection which has been changed. fe 

25 measured by means of a line sensor, by which the value 
of the distance is measured. 

In the technology descrfred in Japanese patent dis- 
closure document HEI 6-5488. light from the bottom of 
the workpiece is obliquely incident. In a light receiving 

so part which is likewise located on the bottom of the work- 
piece, the amount of deviation of the position of the light 
reflected from the mask surface from the position of the 
light reflected by the workpiece surface is determined, 
by which the amount of distance is measured. 

35 In the technology descnoed in Japanese patent dis- 
closure document HEI 6-283400. a parallel light flux 
from the side of the mask and the woriqaece is obiiqueJy 
incident on the sides of the rnaskAwrkpiece. Ether the 
intensity of the fight which is broken by the mastvVvork- 

40 piece and has passed through, or the intensity of the 
fight which has passed through the intermediate space, 
is measured. Here, the size of the distance is measured 
by using the relationship between the light intensity and 
the size of the distance. 

45 In the above descrtoed prior art. the disadvantages 
are as follows: 

(1) In the technology described in Japanese patent 
dtedosure document HEI 3-38024, at measure- 

50 ment points of the mask and workpiece, reflection 
films are formed which reflect light to obtain 
reflected light intensity sufficient tor observation of 
projected images. 

Since here the measurable locations are 6m- 

55 ttad to those where reflection fHms are formed, a 
measurement cannot be taken just anywhere on 
the maskAvortyiece. The measurement areas are 
provided with reflection films which are urmeces- 
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sary tor a component *x exampie, of a OqukJ crys- 
tal display device or the Idee which is to be 
produced Therefore, K is necessary to safeguard 
an area on the workplace for measurement except 
tor the area In which t»component is formed.Asa 9 
result, there is the disadvantage of a poor degree of 
utilization of the wortyiece material. Furthermore, 
there is the dteadvantage of an increase of produc- 
tion oo6ts because, in the case of later removal of 
the reflection films, a process for removal of the 10 
reflection time is added to the produc ti on process. 

(2) In the technology described In Japanese patent 
disclosure document HEI 3-38025, in which the 
technology described in Japanese patent dteclo- is 
sure document HEI 3-38024 is irnprcved, reflection 
films are unnecessary. As foOows from the publica- 
tion, in the case of a small distance between the 
mask and wcrkpiece a dear, strip-like pattern can- 
not be obtained because the intensity of the light so 
reflected by the mask is eesentiaiy the same as the 
intensity of the light reflected by the woripiece and 
interference occurs. 

Therefore, first of all, when the distance 
between the mask and workplace at which no inter- as 
ference occurs Is sufficient a measurement is 
taken. Afterwards, the distance is reduced until a 
tfstance for actual exposure is readied and the 
exposure is performed. Therefore, it cannot be 
directly confirmed whether the distance at which, In so 
tad exposure is performed has the desired value. 

The accuracy of the distance adjustment dur- 
ing exposure is determined by the accuracy of the 
movement device which sets the distance during 
measurement to the exposure distance. Therefore, 35 
there te the disadvantage that movement errors can 
neither be confirmed nor corrected, even If they are 
present 

(3) in the technology descrbed in Japanese patent 40 
disclosure document SHO 63-138730, the disad- 
vantage is the same as in Japanese patent disclo- 
sure document HEI 3-38025 because, in the case 

of a small distance, the Intensity of the Oght 
reflected by trie mask is essentially the same as the 49 
intensity of the light reflected by the workplace, 
interference occurs, and a clear halo cannot be 
obtained. 

(4) In the technology described in Japanese patent so 
disclosure document HEI 5-226215. it Is necessary 

to locate beam-optical components, such as a dif- 
fraction grating, a zone ptate, a grating lens and the 
like, at the locations on the mask where measure- 
ment is desired. Therefore, there are the disadvan- ss 
tag es that a measurement cannot be taken just 
anywhere and the mask is costly. 



(5) I n the technology described i n Japanese patent 
Disclosure document HEI 6-5486. it is necessary to 
insert the Hght source tor purposes of measurement 
and the light detection part underneath the work- 
piece, i.e.. within the wortyiece carrier, which holds 
the wortyiece stationary. For this reason, the 
arrangement of the worfcpiece carrier Is extremely 
fimrted. Furthermore, there is the disadvantage that 
a measurement outside of the location where it is 
inserted cannot be taken, and therefore, measure- 
ment just anywhere is not possHe. 

(6) In the techno to gy described in Japanese patent 
disclosure document HEI 6-283400, based on the 
feature of the measurement process in a measure- 
ment of the center areas of the masknvoriqpiece, 
the light intensity Information is obtained as a result 
of the d is t ance between the center areas together 
with the tight intensity irrkxmation based on the tfs- 
tance between the outside peripheral areas. There- 
tore, there is the disadvantage that the distance 
between the center areas cannot be exactly meas- 
ured. This disadvantage becomes more pro- 
nounced, the larger the maskAvorkpiece. As a 
result, this technology cannot be used, especially in 
tie case of treatment of a large mask/large work- 
piece as in the production of a video display ele- 
ment such as a liquid crystal display device 
element and the like. 

The invention was devised to eliminate the above 
deecrtoed disadvantages in the prior art Therefore, a 
fkst object is to devise a proximity exposure device with 
a distance adjustment device in which it is not neces- 
sary to produce reflection films, beam-optical elements 
and the like on the mask/workpiece, so that distance 
measurement is possible anywhere on the mask sur- 
fac^workpiece surface, and sufficient determination 
sensitivity can be obtained even in areas with a low 
reflection factor, such as on a glass surface, 

A secxyid object of the invention is to devise a prox- 
imity exposure device with a dstance adjustment dance 
in which measurement of a smati distance is possfele 
without the Insertion of a measurement part and the like 
within the workpiece carrier, and the distance can be 
measured and confirmed with high accuracy at the cfis- 
tance at which exposure is performed. 

A third object of the invention is to devise a prowm 
rty exposure device with a rJstance adjustment dwice In 
which a cross sectional shape from a light source for 
purposes of measurement on the surface is formed on 
which the mask pattern is erKompassed by the shape of 
at least one opening formed on the mask, the light is not 
covered by an area of the mask having a high reflect- 
ance factor, such as a metal f&m or the like, and also in 
a workptece with low reflectance factor which is formed 
from glass or the like, the intensity of the light reflected 
by the mask and the intensity of the light reflected by the 
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workpiece can be made essentially the urm. 

A fourth object of the invention is to devise a prcx- 
irrity exposure device with a cfi»tafK»a^Littmirtdartce 
in which fluctuation of the Ight intensity of the ight 
source for measurement purposes Is corrected and the 5 
distance can be measured with high accuracy. 

The above descrfced objects are achieved accord- 
ing to the invention as foHows: 

(1) tn a proximity exposure device which has an to 
ultraviolet irradiation port for irradiation with UV 
racfiation, a mask carrier part for hokfing the mask 
stationary, a workpiece carrier part for hctfng a 
wortpiece stationary in a state in which the work- 
piece is acfacent to but at a dtetance from the mask, is 
and a distance calibration device which is con- 
nected to the workpiece carrier and adjusts the dis- 
tance between the workpiece and the mask, mere 
are a distance measurement part a device tor mov- 

ing the distance measurement part which contlnu- 20 
ously or incrementally moves the distance 
measurement part in a direction perpendicular to 
the mask and workpiece, a position detector for 
determining the position of the distance measure- 
ment part, and an arrthmetic and logic unit lor con> 26 
puting the distance between the mask and 
workpiece, in the distance measurement part there 
being a light source for measurement purposes, a 
beam splitter, a pinhole plate, an objective lens and 
a light detection device. A litfrt source tor measure- so 
merit purposes » arranged such that the light emit- 
ted from this 8ght source is focused via the beam 
6pfitter onto the pinhole plate. The pinhole ptate is 
located at a site which represents the focal point of 
the objective lens which is opposite the focal point x 
on the object side and where the light from the Hght 
source tor measurement purposes which has 
passed through the pinhole plate is focused on the 
focal point on the object side of the objective lens, 
The Ight detection device is located at a site where 40 
the Dght Is detected which has been reflected by the 
mask and workpiece, and which has passed 
through the objective lens, at least one pinhole, and 
the beam splitter. The value of the distance 
between the mask and workpiece Is computed 45 
based on the intensity of the output signal from the 
Sght detection device and based on the output sig- 
nal from the position detector by the arrthmetic and 
logic unit 

50 

(2) The objects are furthermore achieved in accord- 
ance with the invention by the at least one pinhole 
of the pinhole plate being formed of a collection of 
several pinholes, in solution (1). 

55 

(3) The objects are furthermore achieved according 
to the invention by there being a second light detec- 
tion device in the distance measurement part, in 



solutions (1) and (2), by the beam splitter being 
aligned such that the light from the Rght source for 
measurement purposes Is drvtded into two parts, 
one part of which is radiated onto the pinhole ptate 
and the other part of which is incident on the sec- 
ond Btftf detection device, by the output signals 
from the Ight detection device and second light 
detection device being computed in the arithmetic 
and logic unit, and thus, fluctuation of the light 
intensity of the Utfrt source tor measurement pur- 
poses is corrected. 

(4) The objects are, furthermore, achieved in 
accordance wrfr the invention by a polarizing beam 
spHttor being used as the beam splitter, in solutions 
(1), (2) and (3), by the Hght eirittad from the light 
source for measurement purposes being polarized 
in the first polarization Direction by this polarizing 
beam splitter, and at the same time, this light with 
the first polarization direction being passed, by light 
with the second polarization direction which differs 
from the first polarization direction being incident on 
the light detection device, and furthermore, by a 
quarter wave plate being located in the optical path 
bet w e en the pinhole plate and the focal point on the 
object side, by which quarter wave plate the light 
polarized by the polarizing beam splitter with the 
first polarization direction is converted into a circu- 
lar polarization, and at the same time, the light 
reflected by the mask and workplace with the circu- 
lar polarization is converted into light with the sec- 
ond polarization direction. 

(5) The objects are, furthermore, achieved accord- 
ing to the invention by there being a second light 
source and image detection element in the distance 
measurement part in solutions (1), (2), (3) and (4), 
by the second light source being located at a she 
where the light emitted from this Bght source is irra- 
diated through the objective tens onto the mask and 
workplace, and by the image detection element 
being located at a site where the images of the 
mask and workpiece are detected. 

(6) The objects are furthermore achieved in accord- 
ance wfth the invention by a mask being used for 
purposes of production of an image display ele- 
ment in solutions (1), (2), (3), (4), and (5), and by 
the cross sectional shape of the light flux from the 
ight source for measurement purposes being 
formed on a surface on which the mask pattern of a 
shape which can be encompassed by an opening 
formed in the mask pattern area. 

(7) In addrtion to a proximity exposure device, the 
invention also relates to a process for determining 
the distance between the mask and a workpiece. 
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In the invention according to solution (1), to meas- 
ure the distance between the mask and woriqpfece, a 
projected image as described above is not used. Here, 
the intensity of the fight reflected by the mask surface 
and the light reflected by the workplace surface is used. 5 
Therefore, also in areas with a low reflectance factor, 
such as on a glass surface, sufficient termination 
sensitivity is obtained. It is, therefore, not necessary to 
provide reflection films, beam-optical c o mponents and 
the like on the mask and workpiece. Thus, a measure- 10 
ment anywhere on the mask surface and workplace sur- 
face is enabled. Furthermore, the mask is prevented 
from being expensive. 

Also, by the arrangement of a pinhole at the focal 
point of the objective lens which is opposite the focal 15 
point on the object side, the light reflected by a surface 
to be measured cannot, tor the most part pass through 
the pinhole and be Incident on the light detection device, 
even If the surface to be measured deviates from the 
focal point of the objective lens on the object side only to 20 
a small degree. Therefore, even in the case of a smalt 
distance, it is possible to separate the light reflected by 
the mask from tfie light reflected by the wortyiece with 
a high intensity ratio. Interference of the light reflected 
by the mask with the light reflected by the workpiece 25 
therefore does not occur. 

Therefore, measurement and confirmation of the 
cfietance during exposure is possible with high accuracy. 

Furthermore, it is not necessary to execute a spe- 
cial sec^ence for measurement 30 

In addition, the accuracy of the distance setting ts 
pr werrted from being influenced by the accuracy of the 
movement device. 

Moreover, it becomes possible to locate the dis- 
tance measurement part on the mask side. Therefore, it » 
is unnecessary to insert the measurement part within 
the wortpiece carrier. As a result the arrangement of 
the workpiece carrier is not limited and measurement 
anywhere is possible. Especially in a measurement of 
the center areas of the mask and workpiece, the meas- 40 
urement result is prevented from being influenced by 
the distance between the outer peripheral areas. 
Accordingly, distance measurement with high accuracy 
is obtainable anywhere on even a large mask and large 
workpiece. 45 

In the invention according to solution (2), by the 
above described measure that at least one pinhole is 
formed of a collection of so/eral pinholes, even for a 
workpiece with a low reflectance factor, as in a glass 
workpiece, sufficient intensity of the reflected fight can so 
be obtained and the fight reflected from the mask can be 
advantageously separated from the fight reflected by 
the workpiece. 

This means that a signal with a good S/N ratio can 
be obtained and a measurement taken with high accu- ss 
racy if the intensity of the reflected ight is to some 
extent large. In the case of a distance measurement in 
the manufacture of a video display element for exam- 



ple, a liquid crystal display device element, a plasma 
display panel (POP) and the Bke the workpiece is made 
of at least of translucent glass. The light reflectance fee- 
tor in the case of such a glass woriqaiece is roughiy 4% 
or less. In distance measurement therefore, under cer- 
tain circumst a nces sufficient intensity of the reflected 
Bght cannot be obtained. Here, there is the danger that 
the measurement accuracy is reduced. 

If at least one pinhole is enlarged to obtain high 
intensity of the reflected light the reflected light which 
can pass through at least one pinhole increases, wen if 
the surface of the mask or workpiece to be measured 
deviates from the focal point of the objective lens on the 
object side. The tight reflected by the mask and the light 
reflected by the workpiece are incident on top of one 
another on the light detection device Here, it is there- 
fore difficult to advantageously keep the fight reflected 
by the mask and the fight reflected by the workpiece 
apart 

If, on the other hand, the pinhole formed of a collec- 
tion of several pinholes, as was described above, the 
intensity of the reflected light which is incident in the 
light detection device can be increased without increas- 
ing the size of the pinhole. Therefore, even in the case 
of a workpiece with a relatively low reflection factor, 
such as a glass workpiece, a measurement with high 
accuracy is enabled. 

In the invention according to solution (3), in the dis- 
tance measurement part there is a second light detec- 
tion device and by computing the output signals from 
the light detection device and the second light detection 
device the fluctuation of the Ight intensity of the Jight 
source for purposes of measurement is corrected, as 
described above. Therefore, when the light intensity of 
the light source for measurement purposes fluctuates 
due to a fluctuation of the power source and the like, a 
measurement with high accuracy can be taken without 
being influenced by the fluctuation of light intensity of 
the light source for purposes of measurement 

In the invention according to solution (4), a polariz- 
ing beam splitter is used as the beam splitter, as was 
deecrbed above. Furthermore, a quarter wave plate is 
located in the optical path between the pinhole plate 
and the focal point on the object side. This can prevent 
the light reflected by the pinhole plate from being inci- 
dent on the light detection device. Therefore, the S/N 
ratio can be increased and a measurement taken with 
high accuracy. 

In the invention according to solution (5), the above 
described arrangement of a second fight source and an 
image detection element makes it possible to detect the 
images of the mask and workpiece. In this way, the site 
to be measured can be easify positioned and the site to 
be measured can be positioned exactly to the mask 
opening, even if the workpiece is a video display ele- 
ment such as a liquid crystal display device element, a 
plasma display panel, and the yke. 

In the invention according to solution (6), the cross 
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sectional shape of the fight flux from the fight source tor 
measurement purposes is formed on the surlsce on 
which the mask pattern of a shape which can be 
erxxmpssseo oy an opening nrmeo w\ tne masx pat- 
tern area, as was described above. The Ight is therefore 
prevented from being masked by the metafile foH of the 
mask. The intensity of the light reflected by the mask is, 
therefore, prevented from becoming extremely large. 
Thus, the intensity of the light reflected by the mask and 
the Intensity of the light reflected by the worl^iececan 
thus be made essentially the same in a workplace with 

alow reflectance lector such as a glass wortoiece. 
Thus, distance measurement with high accuracy 
becomes possfcle. 

For a distance measurement with high accuracy, K 
is a good idea to make the intensity of the light reflected 
by the mask and the intensity of the ight reflected by the 
wortyiece as equal as possib le . If one of the two is 
extremely large, the signal of the weaker reflected Ight 
Is covered by the signal of the stronger reflected tight 
Consequently, the light rati ected by the mask cannot be 
separated from the Dght reflected by the workpiece. 

To form the mask pattern, generally, a metallic fflm 
is used, such as a chromium fflm or the like. The refiect- 
ance factor of a metatlc flm Is very high, and In the case 
of a chromium fim is roughly 80 to 70%. The reflectance 
factor In the case of a glass wortpJece, which can be 
used for producing a liquid crystal display device ele- 
ment or the tike, ts roughly 4% or less. Therefore, in the 
case of distance measurement, if the Ight flux radiated 
from the light source for measurement purposes, when 
passing through the mask from the area of the chro- 
mium fflm. te incident on the area of the Cr film and is 
masked by it, strong reflected light from the chromium 
film Is formed by which the intensity of the light reflected 
by the mask is essentially greater than the intensity of 
the fight reflected by the workplace. As a result a dis- 
tance measurement with high accuracy cannot be 
obtained 

A workplace of a video display element such as a 
liquid crystal dsplay device element a plasma dtapiay 
panel, and the Bka, is comprised for the most part of 
pixel parts which are often used In distance measure- 
ment in their production. 

In the case of producing a color titer and the like, in 
a mask, there is usually one opening per pixel. In a liq- 
uid crystal display dwice element recently one pixel is 
divided into several pixels in order to improve the angle 
of view field. Here, an alignment layer in a certain area 
within one pixel is irradiated with ultraviolet radiation so 
that the property of the algnmant layer is selectively 
activated. In this case, In a mask, there is at least one 
opening per pixel which is formed by dividing a pixel into 
small parts. 

The above described measure, that the cross-sec- 
tional shape of the light flux from the Ight source for 
measurement purposes is a shape which can be 
encompassed by the above deecrtoed opening formed 



In the mask pattern area, therefore prevents the light 
from the Ight source tor measurement purposes from 
being masked by the area of the chromium film. The dis- 
advantage that the Ight reflected by the mask and the 
5 Bght reflected by the workpiece cannot be kept apart is, 
therefore, eliminated. Thus, a me a sur ement with high 
accuracy can be obtained. 

tn the following, the invention is further described 
using several embodiments shown In the drawings. 

10 

Fig. t shows a schematic of the arrangement of one 
embodiment of the proximity exposire device of the 
invention; 

15 Rg. 2 shows a schematic of the arrangement of a 
first embodiment of the distance measurement part 
of the invention; 

Fig. 3 shows an arrangement <rt the pinholes on the 
20 pinhole plate of one example; 

Rg. 4 shows a schematic of the Image of the 
reflected Ight via several pinholes on the light 
detection surface of a first light detection device; 

26 

Rg. 5 shows a schematic of the arrangement of a 
second embodiment of the distance measurement 
pert according to the invention; 

x> Rg. 6 shows a schematic of a pixel of a oolor liquid 
crystal cafl and a projected image of a pinhole in 
one example. 

Rg. 1 schematically shows the arrangement of a 

as proximity exposure device in accordance with one 
embodiment of the present invention which is com- 
prised of a UV irradiation part 1 having a UV lamp 1a for 
emitting fight containing UV radiation, a focusing mirror 
lb tor focusing the fight emitted by the UV lamp 1a, a 

40 first mirror 1c, an integrator lens 1d, a shutter le, and a 
ooHimating mirror comprised of a concave mirror If and 
a second mirror 1g. 

The fight emitted by the UV lamp 1a is focused by 
the focusing mirror 1b and is incident on the coifimating 

48 mirror tf via the first mirror 1c. integrator lens Id, shutter 
1 e, and second mirror 1 g. The light emerging from colfi- 
mating mirror 1f is emitted, via a mask M which is 
attached to mask carrier 2, onto a workpiece W seated 
on a workpiece carrier 3. In the case of a relatively small 

so irradiation surface, instead of the ooimating mirror Ha 
collimator can also be used. In this case, the mirror 1g 
is parted downward, I.e. in a direction in which the light 
emerging from the integrator lens 1 d is emitted onto the 
mask M. Mere, the cotti mating lens Is located between 

56 mirror 1g and mask M. 

The workpiece carrier 3 is installed above a dis- 
tance cafibratfon device 4 in an X-Y-t-Z carrier 5. The lilt 
and position (distance between mask M and workpiece 
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W) toward the top and bottom (heremirter called the *Z 
direction-) of the workpiece 3 are subjected to fine 
adjustment using distance calibration device 4. 

The X-Y-1-Z carrier 5 is driven by a wortyiece car- 
rier movement device 6 in the X-Y-1-Z directions (e.g., 
X: toward the rigjrt and left in the figure, Y: in a perpen- 
dicular clrection in and out of the page, 1: in a direction 
of rotation around an axis perpencSariar to the X-Y 
direction*, and Z: toward the top and bottom of the 
page), by which workpiece carrier 3 is moved In the X-Y- 
1-Z directions. 

A distance measurement part 10 which can be 
moved by means of a device above mask M (not shown 
in the drawing) tor driving in the X-Y ©Erections parallel 
to the surface of mask M. By moving distance measure- 
ment part 10 to any distance measurement point on the 
surface of mask M and the surface of workpiece W, a 
distance measurement can be taken at several meas- 
urement ooints. Furthermore a distance measurement 
can also be taken at several measurement points by 
positioning dstance measurement part 10 according to 
the number of distance measurement points. 

Distance measurement pert 1 0 can also be moved 
in the Z direction by a Z movement device 11 which is 
provided with a motor tor moving the distance measure- 
ment part 10 via a spherical rotary spindle, a linear 
guide (not shown in the drawing) and the fike. Further- 
more, the Z movement device 1 1 tor the distance meas- 
urement part is provided with an encoder 12 which 
functions as a position detector tor determining the posi- 
tion and amount of movement of the distance measure- 
ment pert 10. 

A control element 7 controls the UV irracfiation part 
1, distance measurement part 10, Z movement device 
11 and the woriqaJece carrier movement device 6. The 
output of the encoder which is located in the Z move- 
ment device 11 is sent to an arithmetic and logic unit 7a 
of the control element 7. 

Fig. 2 shows a schematic of the arrangement of a 
first erhbooSment of the distance measurement part 10 
in which a first light source 100 is used tor distance 
measurement and tor which a laser diode is used On 
this embodiment) because it enables high irradiance to 
be obtained. For this reason, a halogen lamp, a xenon 
lamp, a LED and the like can be used. 

The light emerging from the first Nght source 1 00 is 
converted by a lens 101 into essentially parallel light 
which is incident on a first beam splitter 102 and is 
divided by the first beam spiHter 102. One part of the 
divided ight is focused by a lens 103 on a pinhole plate 
108 which is located at the focal point of an objective 
lens 110 which is opposite the tocal point on the object 
side, as described above. The other part of the light 
divided by first beam splitter 102 is incident via a lens 
106 in a second fight detection device 107 which is posi- 
tioned for determining the fluctuation of the light inten- 
sity of first light source 100 and for canceling the 
fluctuation, as described above. The signal determined 



by the second lic/it detection device 107 is sent as a ref- 
erence intensity signal to the arithmetic and logic unit 7a 
of control element 7. 

Pinhole plate 108 is produced by vacuum evaporat- 

s ing a chromium (Urn on a glass on which openings are 
formed by etching. As is shown, tor example, in Fig. 3, 
openings with a diameter of 12 microns and at a dis- 
tance relative to one another of 48 microns are located 
within an area with a diameter of 125 microns. 

io A pinhole plate can also be used which is easily 
produced by providing openings in a metal toil having a 
thickness of a few hundred microns. A pinhole plate of 
glass is, however, more resistant to mechanical shocks 
and is less deformed and expanded by heat 

15 Light which has passed through pinhole plate 108 is 
deflected by the second beam splitter 109 through an 
angle of 90 degrees, is incident on objective lens 110 
and is focused on the focai point on the object side. The 
size of the tight flux at the tocal point on the object side 

20 can be computed using formula in which the size is set 
as being equal to the reciprocal value of frie magnifica- 
tion factor (nominal value) of the objective lens mufti- 
plied by the size of the pinhole. 

Mere, the magnfication factor of the objective lens 

25 is defined by the magnification factor in the case of inci- 
dence of light from the object side. In this case, the 
magnification factor is defined by the reciprocal value of 
the nominal value because the light is moving back- 
wards. 

so In this embodiment, an objective lens 110 with 
magnification factor of Sx is used. The magnitude of the 
light flux is produced by the special configuration of the 
pinhole plate such that in an area with a tfameter of 25 
microns, light spots with a diameter of 2.4 microns are 

35 located next to one another at a distance from one 
another of 9.6 microns. In the case in which the surface 
(hereinafter "surface 120 to be measured") of mask M 
or workpiece Wis at the focal point on the object sideof 
objective lens 1 10, the surface to be measured is fllumi- 

40 nated by the spot of light with a diameter of 25 microns 
with the above described configuration. 

The Bght reflected from surface 120 to be measured 
again passes through objective lens 110 and second 
beam splitter 109 and is focused on pinhole plate 108. 

45 Here, the size of the Bght flux of reflected light on pin- 
hole plate 108 can be computed as being equal to the 
magnitude of the spot illumination light on surface 120 
to be measured multiplied by the rragnffication factor of 
the objective lens 

eo The size of the (ight ffux in this embotimerrt is rep- 
resented by the fact that, in an area with a diameter of 
1 25 microns, spots of light with a diameter of 1 2 microns 
are located next to one another at a distance of 48 
microns from one another. 

66 in the case in which surface 120 to be measured is 
at the focal point of objective lens 1 1 0 on the object side 
the size of the light flux of reflected light is equal to the 
size of the pinhole. The reflected light can therefore 
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pass essentially completely through pinhole plate 108. 

The reflected light which has passed through pin- 
hole plate 1 08 is converted by lens 1 03 essentially into 
parallel fight Afterwards it is deflected by first beam 
splitter 102 by an angle of 90 degrees, is focused by 
means of lens 104 in first light detecfon device 105 and 
is incident thereon. 

Fig. 4 shows a schematic of the image of the tight 
reflected, via several pinholes located in pinhole plate 
108, on the tight detection surface of first fight detection 
device 105. The figure does not show first beam splitter 
102 and lens 103. In the case in which surface 120 to be 
measured is located at the focal point of objective lens 
1 1 0 on the object side, on the light detection surface of 
first Oght detection device 105 the light which has 
passed through the pinholes is Imaged in a spot-like 
manner, as is shown in the drawing. 

In the case in which, tor first tight detection device 
1 05, a collection of smafl light detection elements, such 
as CCD elements, is used, the sensitivfty of the Individ- 
ual small fight detection element exhtorts scatter. There- 
fore, when the positkxi of the imaged spotfight changes, 
there are cases in which the output of firstly detection 
device 105 fluctuates. Furthermore, when using rela- 
tively large fight detection elements, such as photodi- 
odes, for first light detection device 105. as a result of 
the scatter which occurred in the production of the light 
detection elements, depending on the site of the light 
detection surface, scatter of the wrertivrtydtsn occurs. 
As a result, there are cases in which the output of first 
light detection device 1 05 fluctuates. 

As was described above, by the arrangement of 
several pinholes in pinhole plate 108, trie scatter of sen- 
sitivity of the fight detection elements with respect to the 
position of the Oght which Is Incident on first fight detec- 
tion device 1 05 can be averaged. Furthermore, the fluc- 
tuation of the output value from first light detection 
device 105, in case of vfcration or position deviation of 
pinhole plate 108 and the like, can be reduced. 

Furthermore, high sensitivity can be obtained by 
there being several pinholes. In the case of a sinoje pin- 
hole, to achieve high sensitivity the number of photons 
reaching light detection device 105 must be increased. 
For this reason, the irradiance of first fight source 100 
must be increased. However, if the irradiance is 
increased it is oossible for burnina of first fiaht detection 
device 105 to occur. If there are several pinholes, con- 
versely, the number of photons which reach the first light 
detection device 105 per unit of time can be Increased 
without increasing the irradiance of first fight source 
100. 

The signal of the intensity of the light which has 
been detected by first light detection device 105 in the 
above described manner is sent to arithmetic and logic 
unit 7a. Arithmetic and logic unit 7a, by increasing the 
signal of the intensity of the light which is incident on 
first tight detection device 105. judges that the surface 
120 to be measured is located at the focal point on the 



object side. 

On the other nana in the case in which surface 120 
to be measured « not located at the focal point of objec- 
tive lens 1 1 0 on the object side, the bgrrt f lux of the light 

s source tor rneasuremerrt purposes blurs on surface 1 20 
to be measured, and therefore, becomes a strongly <fis- 
parsed spotfght The reflected tight Itoewtse blurs on 
pinhole plate 108, and therefore, continues to diffuse. 
Therefore, the reflected fight cannot, for the most 

io part, pass through pinhole plate 108 and is not incident 
in the first light detection device 1 05. Also in the case of 
several pinholes, the blurred light hardly passes though 
the adjacent pinhole because the pinholes have a suffi- 
cient spacing relative to one another of 48 microns. Fur* 

is thermore, in the case in which the spot becomes so 
large thai it covers the adjacent pinhole, the case in 
which the surface to be measured Is located at the tocal 
point of the objective lens on the object side, and the 
case in which it Is not located there, can be kept apart 

20 with a sufficient Intensity ratio because the surface of 
the light which passes through the pinhole is smaller 
than the area of the diffused spot to a sufficient degree. 

In the case in which surface 120 to be measured 
deviates only slightly from the tocal point of objective 

25 lens 1 10 on the object side, the intensity of the reflected 
light which is incident in first light detection device 1 05 is 
greatly reduced, as was described above. Therefore, 
the light reflected from maskMand the light reflected by 
workplace W can be advantageously kept apart. 

so rf, in this case, the intensity of the light emerging 
from first Oght source 100 fluctuates, the intensity of the 
Oght incident in first light detection device 1 05 also fluc- 
tuates, in this embed iment therefore, there is second 
fight detection device 107, as was described above. 

35 Thus, the intensity of the light emerging from first light 
source 100 is determined with a fluctuation which is 
canceled. 

From second light detection device 107, the light 
emerging from Kght source 100 which has been divided 

40 by first beam splitter 102 Is detected and sent as a ref- 
erence intensity signal to arithmetic and logic unit 7a. In 
arithmetic and logic unit 7a, the signal of the intensity of 
the light detected by first light detection device 105 is 
divided by the reference intensity signal and the f luctua- 

45 tion of the intensity of the light emerging from the light 
source 100 is equalized. 

Furthermore, in this embodiment to observe the 
measurement position, a second light source 111 serv- 
ing as an illumination fight source, a lens 112, a third 

so beam splitter 113 and an image detection element 114 
are provided. A LED was used as second light source 
111. For this reason, however, as In first light source 
1 00. a laser diode or other fight source can be used. A 
CCD camera was used as the image detection element 

55 114. 

The fight emerging from second light source 111 
passes through third beam splitter 113. second beam 
splitter 109 and objective lens 1 10 and illuminates sur- 
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face 120 to be measured. The image of the surface to 
be measured passes through objective lens 110, sec- 
ond beams splitter 109 and third beam spfitter 1 13 and 
» imaged by lens 115 on Image detection etomant 114. 
The signal of the image detected by the image 
element 114 Is sent to a monitor 121 on which the 
image of the surface to be measured is produced. 

The reason for there being a second fight source 
111 independency of fret tight source 1 00 for measure- 
ment purposes Is the following: 

The Hght from first tight source 100 is emitted by 
pinhole plate 106 In the form of a smaH spot and is 
therefore not suited for observing the overall image. 

tn this errtoxtiment distance measurement part 1 0 
tsmateconpactaswasdescrfce^ 
source 111 was therefore located within Distance meas- 
urement part 10. However, Summation can also be 
placed outside distance measurement part 10. In this 
case, a ftoer Illumination system which is generally used 
to illuminate a microscope, a ring IDumination system 
which is located on the tip of the objective lens and the 
like can be used 

As was described above, by the arrangement of the 
optical system for purposes of observation being com- 
prised of the second tight source 111, lene 112. third 
beam sputter 113. and image detection element 114, 
locating of the measurement position can be easily 
achieved. 

In the following, taking the Distance measurement 
is described using the ctoove described distance meas- 
urement part 

Distance measurement part 10 is moved parallel to 
the surface of mask M by observing monitor 121. Dis- 
tance measurement part 10 is moved to a distance 
measurement position. 

Then, the motor of the Znriovement device 11 tor 
the distance measurement part is driven and the Dis- 
tance measurement part 10 is moved in the 2 direction. 
The rtensfty of the reflected tight which is incident on 
lirst light detection device 105 is read out by reading the 
position of the distance measurement part 10 in the Z 
direction by encoder 12, encoder 12 being a position 
detector located in Z-rnovement device 11 tor the dis- 
tance measurement part 

rfZ-rnovement device 11 tor the distance measure- 
ment part is driven such that the focal point of objective 
lens 1 10 on the object side intersects both the surface 
of mask M and also the surface of workpiece W in one 
longitudinal dtrectton, strong reflected light is obtained rf 
the surface of mask M or the surface of workpiece W 
reaches the focal point of objective lens 110 on the 
object side, as was described above. Therefore, two 
strong peaks of intensity of the reflected Bght can be 
obtained with respect to the moved position. 

In arithmetic and logic unit 7a, these two peaks of 
intensity of the reflected light are determined. Based on 
the output of encoder 1 2 as a position detector, at this 
time, the distance between the mask M and the work- 



piece W is computed, in the case in which Z-movement 
device 11 is not driven continuously for the distance 
measurement part but is driven incrementally from 
stage to stage, the amount of motion of one movement 

5 stage is set to an arnount which is sufficiently smaller as 
compared to the distance value. If Z-movernent device 
1 1 for the cfistance measurement part is stopped, the 
position signal determined by the encoder and the infor- 
mation on the intensity of the reflected tight which is 

io detected by first fight detection device 105 is read in 
arithmetic and logic unit 7a. 

Fig. 5 is a schematic of a second embodiment of 
the distance measurement part 10 of the invention. In 
this errtocfiment, a polarizing beam splitter and quarter 

15 wave plate are used. This prevents the light reflected by 
pinhole plate 106 from being incident in the first light 
detection device 105. In this way, the S/N ratio is pre- 
vented from decreasing. 

In the Fig. 5, the same parts as in Fig. 2 are pro- 

20 vtded with the same reference numbers; but, in this 
embodiment instead of the first beam splitter 102 in Fig. 
2, a polarizing beam spfitter 102' is used and a quarter 
wave plate 116 is located in the optical path between 
pinhole plate 106 and second beam splitter 109. 

25 The process of distance measurement in this 
embodiment is carried out fundamentally in the same 
manner as in the Fig. 2 embodiment In this embodi- 
ment the above described use of a polarizing beam 
splitter and quarter wave plate prevents the light 

so reflected by pinhole plate 108 from being incident on 
first light detection device 105, as is described below. 

The tight emerging from first light source 100 which 
is not polarized is converted by lens 1 01 into essentially 
parallel Bght which is incident on polarizing beam splitter 

95 102'. The P polarized Bght passes through polarizing 
beam spfitter 102' and is focused by means of tens 103 
on pinhole plate 106. In the case in which one part of 
the Bght is reflected by pinhole plate 108, this reflected 
fight passes unchanged through the polarizing beam 

40 epfitter 1 02* and returns to first fight source 1 00 because 
It fe P-poiarized light with a P -polarization direction. 

The S-polarized light is deflected in polarizing 
beam splitter 102' by an angle of 90 degrees and Is inci- 
dent via lene 106 on second light detection device 107. 

45 The output of second light detection device 107 is sent 
to arithmetic and logic unit 7a, as was described above, 
and is used to cancel the fluctuation of the light intensity 
of first light source 100. 

The P-poiarized Bght which has passed through 

so pinhole plate 106 is converted by quarter wave plate 
116 into circular polarization, which is subsequently 
deflected by means of second beam spfitter 109 by an 
angle of 90 degrees, is incident in objective lens 110 
and is focused in the focal point on the object side. 

55 The reflected light with circular polarization which 
has been reflected by the surface 120 to be measured 
passes again through objective lens 110 and second 
beam splitter 109, is incident in quarter wave plate 116, 
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Is converted Into light wHh a S-polariiattondkectionend 
is focused on pinhole ptate 108. The S-potarteed Bght 
which has passed through pinhole plate 108 Is con- 
verted by lens 103 into essentially parallel fight and 
afterwards, is incident on polarizing beam spetter 102*. 5 
The reflected light with the S polarization direction 
which is incident In polarizing beam spfitter 10? Is 
deflected by an angle ol 90 degrees, focused in the first 
light detection device 105 by lens 104 and is Incident 
therein. 

As was described above, in this embedment by 
using polarizing beam splitter 102* and quarter wave 
plate 1 16, only the Ught reflected by surface 120 to be 
measured at the focal point on the object side can be 
Incident In first fight detection device 105 without the 
light reflected by pinhole plate 108 being incident in first 
light detection device 105. Therefore, the S/N ratio can 
be Increased and a measurement taken with high sensi- 
tMty. 

In this embodiment the quarter wave plate 116 is 
located between pinhole plate 108 and second beam 
splitter 109. However, the quarter wave plate 116 can 
be placed anywhere between pinhole plate 1 08 and the 
focal point on the object tide, and at this site, the same 
action as the one described above can be obtained. 

Furthermore, In this embotfment it is a good idea 
for Ihe incident light with the circular polarization to be 
reflected unchanged by second beam spfitter 109. It is, 
therefore, not desirable to use a conductive, metallic 
mirror, which changee the polarization Mead of sec- 
ond beam spfitter 109. 

Additionally, the same action as the one described 
above can also be obtained when the position of the first 
light detection device 105 is replaced by the position of 
the first light source 100 in Fig. 5. In this case, from the 
nonpolarized fight which has been emitted from first 
light source 100, the S-potarized light passes through 
polarizing beam splitter 102* and lens 106 and is Inci- 
dent in second Bght detection device 107. while the P- 
poiartzed light is deflected by an angle of 90 degrees 
and is focused by lens 103 onto plnhoie piate 108. Fur- 
thermore, the fight incident on the quarter wave plate 
1 18 and reflected by the surface 120 to be measured is 
converted into P-polarized fight passes through poiarte- 
ing beam splitter 102* and is Incident in first fight detec- 
tion device 105. 

In the following, exposure is described using the 
proximity exposure device in this embodiment 

(a) Wbrkpiece W is placed on workpiece carrier 3 so 
and attached by means of a vacuum suction device 
(not shown). 

(b) X-Y-1-Z carrier 5 is driven in the Z-direction and 
workpiece W is caused to approach mask M. to 55 
doing so, workpiece W Is moved in the Z-direction, 
the position signal being read in by an encoder (not 
shown) which is located in X-Y-1 -Z carrier 5. Work- 



piece W is moved nearer until a desired distance 
value is essentially reached, in this step, the dis- 
tanoe between mask M and wort^iece W does not 
yet agree exactly with the desired distance. 



and a Their width is roughly 50 m as is shown in 
tneoawtng. 

Here, a pinhole plate 108 is used in which 
openings with a diameter of 1 2 microns are located 
next to one another spaced by cfista rice 46 microns 
relative to one another fn an area having a cflameter 
of 125 microns, as was descrtoed above. If an 
objective lens 110 with a rn^ntfication of 5x is 
used, the projected image of the pinholes on the 
color liquid crystal cefl is reduced to 1/5 x, and it is 
located within the translucent area of 50 microns, 
as shown in Fig. 6. 

As was described above, an optical system for 



(c) In above descrtoed state (b) if necessary posi- 
tioning of mask M relative to workpiece W is per- 
formed This positioning is done such that mask M 
and workpiece W are provided beforehand with 
10 alignment marks and these alignment marks are 
observed with an atypvnent microscope (not 
shown). This can be done both automatically and 
manually. 

15 (d) Next for purposes of cfetance measure, the dis- 
tance measurement part 10 is moved by means of 
the device for moving the distance measurement 
part in the X-Y directions to a distance measure 
point Here, fine adjustment of the m easur ement 
so site is performed, if necessary. Fa fine adjustment 
of the measurement site of distance measurement 
part 10, the optical system comprised of second 
fight source 111. lens 112, third beam splitter 113 
and image defection element 114 Is used for pur- 
26 poses of observation and the image shown in mon- 
itor 121 is observed. Fa fine acfustmernd distance 
measurement part 10, the device tor moving the 
dstanoe measurement part in the X-Y ejections 
can be used, a a micrometer fa fine adjustment 
so can be added. 

In the production of a fiquid crystal display 
device and a plasma display panel (POP), the work- 
piece is made of glass. Therefore, here, the inten- 
sity of the Bght reflected by the mask and the 
55 intensity of the light reflected by the worttfece can 
be made essentially the same by the light flux of 
first Bght source 100 for measurement purposes 
being positioned exactly to the opening of mask M. 
Thus, a measurement can be taken wHh high preci- 
40 si on. 

Fig. 6 is a schematic which shows a pixel of a 
cotor liquid crystal cell and a projected image of the 
pinholes on one example. As Is shown in the draw- 
. ing, a pixel of a oota fiquid crystal cell has transiu- 
45 cent areas (openings) which correspond to R, G 
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purposes of observation Is used which observes 
the monitor shown in monitor 121. and distance 
measurement part 10 is moved such that the image 
of the pinholes is projected into the translucent area 
of the color Squid crystal ceil. Thus, the intensity of $ 
the Oght reflected by mask M and the Intensity of the 
light reflected by wortsplece W can be made essen- 
tially the same, and thus, measurement with high 
precision can be achieved, as was described 
above. 10 

The case of a color liquid crystal ceB is shown 
using Rg. 6. In a POP (plasma display panel), how- 
ever, by moving the distance measurement part 10 
such that imagss of ths pinholes are projected into 
the translucsnt areas, the intensity of the Btfrt is 
reflected by mask M and the intensity of the light 
reflected by wortyiece W can be made essentially 
the same because a POP also has tfte same trans- 
lucent areas as In the above descrtoed example. 
Thus, measurement with high precision can be so 
achieved. 

In the case of a mask in which the above 
described pixel division exposure is done, determi- 
nation can be performed with high sensitivity as In 
the above described example if, on pinhole plate ss 
108. pinholes are formed which have a size and 
arrangement which are taken Into account such 
that the projected images of the pinholes are 
encompassed by one opening of the orvided pat- 
tern. 90 

(e) After the distance measurement part 10 has 
been moved to the Distance measurement point it 
is moved in the Z direction such that ths local point 
of objective lens 1 10 on the object side intersects ss 
both the surface of mask Mas wel as the surface of 
workpiece W in the longitudinal direction, as was 
described above. Thus, two peaks of the intensity of 
the reflected light are determined. Based on the 
output of encoder 12 as a position detector, at this 40 
time, the distance between mask M and woriqpiece 
W is computed and the donation from the desired 
distance value computed. 

(Q The above described actuations (d) and (e) are 45 
performed at at least three prints on the mask sur- 
lacanvorkpiece surface. Deviations of the dtetance 
are determined. Distance cateratton device 4 sets 
the ft of workpieoe W and the distance between 
workplace W and mask M such that the above so 
described deviations are reduced. 

The above described actuations are repeated 
until the deviations are less than or equal to an 
allowable value. The allowable value of the devia- 
tion is fixed suitably by the accuracy required for « 
exposure of the component to be manufactured. To 
compute the deviations and for corresponding dis- 
tance caltoration, known processes can be used 



which ere described in the p ubl ica tions cited, for 
example, in the prior art or the fike. 

(g) At the conclusion of calibration of the distance 
between mask M and workpieoe W, the distance 
measurement part 10 and the like are removed 
from the exposure area. Afterwards, exposure light 
is emitted from UV brradatton part 1 , a given expo- 
sure carried out. and workpieoe W transported on. 

As was described above, with the Invention the toJ- 
towfng effects can be obtained) 

(1) Even in areas with a low reflectance factor, as 
on a glass surface, sufficient determination sensi- 
tivity can be obtained by the measure in which the 
Bght emitted from the light source for measurement 
purposes is Irradiated via at least one pinhole and 
the objective lens onto the mask and workpiece, in 
which the tight which has passed through the objec- 
tive lens and the at least one pinhole and has been 
reflected by the mask and workpieoe is detected by 
the Bgtt detection de/ice, and in which the distance 
between the mask and workpiece is measured by 
this Bght intensity. Therefore, it is unnecessary to 
form reflection Urns, beam-optical elements and 
the like on the mask and workpiece. Thus, meas- 
urement anywhere on the mask surface and work- 
piece surface is possfcle. Furthermore, the mask is 
prevented from becoming expensive. 

Additionally, it becomes possible, even in the 
case of a small distance, to advantageously sepa- 
rate the light reflected from the mask from the light 
reflected by the wori^iece. Therefore, interference 
of the Bght reflected by the mask with the light 
reflected by the workpieoe does not occur. As a 
result measurement and confirmation become 
poesfcle with high precision for the dtetance desired 
during exposure. 

The arrangement of *e workpiece carrier is 
moreover not limited and measurement anywhere 

(2) By the measure in which the pinhole plate com- 
prises several pinholes, even for a workpiece with 
low reflectance factor, as in a glass workpiece, suf- 
ficient reflection intensity can be obtained and the 
Bght reflected from the mask can be advanta- 
geously separated from the Bght reflected by the 
workpiece. 

Furthermore, the scatter oJ the sensitivity of the 
first light detection element with respect tothe posi- 
tion of the Ight which is incident in the Oght detec- 
tion device can be averaged. Also, the fluctuate of 
the output value from the light detection device, in 
the case of vtxation or position deviation of the pin- 
hole plate and the like, can be reduced. 

Moreover, the number of photons which reach 
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the light detection device per unit of time can be 
increased without increasing the irradtance of the 
f irst Tight source. Thus, burning of the ight detection 
device at a result of increasing the {rrectancs can 
be prevented. 

(3) The measure tn which, in ttie distance measure- 
ment part there is a second Bght detection device 
and by computing the output signals from the ight 
detection device and the second fight detection 
device, the fluctuation of the fight intensity of the 
light source for purposes of measurement is cor- 
rected, when the light intensity of the ight source 
tor measurement purposes fluctuates due to a fluc- 
tuation of the power source and the Hke. enables a 
rr»asurement with high accuracy to betaken with- 
out being affected by the fluctuation of the Bght 
intensity of the Bght source for purposes of meas- 
urement 

(4) The arrtrigernent of the polarizing beam splitter 
and the quarter weve plate makes it possible to pre- 
vent the fight reflected by the pinhole plate from 
being incident in the fight detection device. Tnere- 
fore, the 8/N ratio can be increased. 

(5) The Images ct the mask and workpiece can be 
detected by the arrangement of the second fight 
source and image detection element, in this way, 
the site to be measured can be easily positioned 
and the sits to be measured can be positioned 
exactly relative to the mask opening, even if the 
workpiece is a video dtaptay element suchasaficr 
uid crystal display device element a plasma display 
pane), and the IB®. 

(6) The measure in which the cross sectoral shape 
of the Oght flux from the Bght source for measure- 
ment purposes on the surface on which the mask 
pattern is formed has a shape which can be encom- 
passed by an opening formed in tie mask pattern 
area prevents the light from being masked by the 
metaJPcfflmof the mask. Thus, the intensity of the 
light reflected by the mask and the intensity of the 
Bght reflected by the workpiece can be made 
essentlaly the same in a workpiece with a tow 
reflectance factor, such as a glass workpiece. Thus, 
distance measurement with high accuracy is ena- 
bled. 

As was described above, in the proximity exposure 
device of the bwentton. the distance between the mask 
and the workpiece can be measured with high preci- 
sion. Therefore, the desired distance can be set with 
high precision by adjusting the distance calibration 
device using these rrteasurement data 



Claims 

1. Proximity exposure device having distance adjust- 
ment device which comprises: 

5 

an ultraviolet radiation part for irradiation with 
UV radiation; 

• a mask carrier part for hokfing a mask station- 
ary; 

to - a wortyiece carrier for riotf^ 

state in which the workpiece is adjacent to the 
mask with a distance therebetween; 

- a distance calibration device which is con- 
nected to the workpiece carrier for calibration 

is of the distance between the wortyiece and the 

mask; 

. a distance measurement part; 

- a device tor movement of the Distance meas- 
urement part In a direction perpendicular to the 

so mask and workpiece; 

• a position detector tor determining the position 
cftheo^stancemeasureniemp8Jl;and 

- an arithmetic and logic unit for computing the 
distance between the mask and wort^iece 

26 from an output signal of the Bght detection 

device and from an output signal of the position 
detector; 
wherein 

• the cfistance measurement pert comprises a 
30 light source for rneasurement purposes, a 

beam splitter, a pinhole plate comprising one or 
more pinholes, an objective lens and a light 
detection device; 

- the Bght source tor measurement purposes is 
as arranged relative to the distance measurement 

part in a manner causing the fight emitted from 
the light source to be focused via the beam 
splitter onto the pinhole plate; 

- the pinhole plate is located at a site which rep- 
40 resents a focal point of the objective lens which 

is opposite a focaJ point on an object side; and 

- the light detection device is located at a site 
where light which has been reflected by the 
mask and workpiece and which has passed 

4$ through the objective tens, the at least one pirv 

hoie, and the beam splitter can be detected. 

2. ProodmJty exposure device with distance adjust- 
ment device as claimed in claim 1 , wherein the pin- 

so hole plate comprises a collection of several 
pinholes. 

3. Proximity exposure device with distance adjust- 
ment device as daimed in claim 1, wherein 



- the distance measurement part is equipped 

with a second fight detection device; 
• the beam spftter is aligned such that the light 
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from the light source tor measurement pur- 
poses is divided into two parts, a first part of 
which Is radiated onto the pinhole plate and a 
second part of which is incident in tha second 
Bght detection device; 5 
the arithmetic and logic unit corrects fluctua* 
tions of the tight intensity of the light source tor 
measurement purposes in response to output 
signals of the BgW detection device and second 
fight detection device. 10 

4. Prcodmity exposure device with distance adjust- 
ment device as claimed in cJakn 1 , wherein: 

- the beam spfitter is a polarising beam spfitter 15 
which polarizes the fight emitted from tha Bght 
source tor measurement purpos e s in different 
first and second polarization directions, Dght 
with the first polarization direction being 
passed through and light wtth the second polar* so 
ization direction being directed to the Dght 
detection device; and 

- a quarter wave plate is located In an optical 
path between the pinhole plate and the tocal 
point on the object side of the objective lens* by & 
which quarter wave plate the light polarized by 
the polarizing beam sputter with the first polari- 
zation (fraction is converted into a circular 
polarization, and at tha same time, Bght 
reflected by the mask and wonVptece with the so 
circular polarization is converted Into Kght with 
the second polarization direction. 

5. Prcodmity exposure device with distance adjust- 
ment device as claimed in claims 1. wherein: as 

- a second light source and image detection ele- 
ment is provided In the distance measurement 
part; 

- the second light source is at a location at which 40 
Ight emitted therefrom wfli be radiated through 
the objective lens onto the mask and work- 
piece; and 

wherein an image detection element is located 
at a site where Images of the mask and work- 45 
piece can be detected. 

6* Prcodmity exposure device with distance adjust- 
ment device as claimed in claim 1 , wherein a mask 
is provided tor production of an image display ele- so 
ment and wherein a cross-sectional shape of Bght 
flux from the Bght source on a surface on which the 
mask pattern is formed can be encompassed by an 
opening formed in the mask pattern area. 

66 

7. Process tor determining the distance between a 
mask and a workpiece in a prcodmity exposure 
device using a distance measurement part in which 



there are a light source, a pinhole plate and an 
objective lens, comprising the totkwrfng stops: 

• focusing light from the light source of the dts- 
tance measurement part onto the pinhole 
plate; 

• plating the objective lens in a beam path of the 
light between the pinhole plate and the object 
side on which the mask and wortqiiece are 
located, such that a focal point of the objective 
lens which is located on the side of the objec- 
tive lens opposite an object side comes to rest 
on the pinhole plate; 

• moving the distance measurement part in an 
essantialy perpendicular direction to a mask 
and woriqpiece plane; 

measuring the intensity of Bght reflected from 
the object side with a first fight detection device 
after the reflected Bght has passed through the 
pinhole plate; 
- recording the measured light intensity as a 
function of the position of the cfstance meas- 
urement part and 

• establishing the positions of the distance 
measurement part at the two greatest meas- 
ured values of the intensity of the reflected light 
and computing the distance of the mask and 
wo r kp la ce using these positions. 

8. Process as claimed in claim 7. wherein the process 
steps are repeated at least three times in succes- 
sion, between which faterai displacement of the dis- 
tance measurement part relative to a position of 
prior passage is performed causing the light from 
the light source In the distance measurement part 
to be focused on another area of the wortyiece and 
mask. 

9. Process as claimed in claim 7, wherein a beam 
splitter is provided In the distance measurement 
part between tha light source and pinhole plate tor 
dividing the Bght nacBsted from the light source into 
two parts, a first part of which is passed onto the 
pinhole plate, and a second part of which is 
deflected into a second light detection device, fluc- 
tuations of the intensity of the irradiated Kght being 
measured on the basis thereof. 

10. Process as claimed in daim 9, wherein a polarizing 
beam spfitter is used as the beam splitter; wherein 
the light emitted from the Bght source is polarized in 
a first polarization direction by me polarizing beam 
splitter and Is passed therethrough; and wherein 
Bght with a second polarization (Erection which dif- 
fers from the first polarization direction is incident in 
the second light detection device. 

11. Process as claimed in claim 10, wherein a quarter 
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wave plate is located In on optical pail between the 
pinhote plate and the focal point on the object itte 
of the objective lens, by which quarter wave piste 
the light with the first polarization tiredion is con- 
verted into a drcuiar polarization, and at the same 5 
time, the light reflected from the object side with the 
circular polarization is converted into light with the 
second polarization Predion, 

12. Process as claimed in claim 7. wherein the pinhole 10 
piate is provided with a plurality of pinholes which 
are at a distance from one another. 

13. Process ss claimed in claim 7. wherein the Sght 
emitted from Ihe firstlght source h generated with 1$ 
a cross-sectional shape which is encompassed by 

a translucent area in the mask surface. 

14. Process as claimed in claim 7, wherein positioning 

of the distance measurement part over the mask 20 
and wortplece is performed using a second fight 
source and an image detection element which are 
located in the distance measurement part Bght 
radiated from the second Bght source being radi- 
ated through the objective lens onto the mask and a 
workplace and light reflected by mask or workpiece 
being detected by the Image detection element 
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FIG. 3 
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FIG. 5 




circular : circular polarization 
P : P-polarization 

S : S-polarizatxon 
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